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Abstract--Comparisons of the laboratory physical modeling experiment and th  finite element numerical 
simulation of the physical modeling experiment of wave propagation i an acoustic/elastic coupled 
medium, reveal that he finite element numerical simulation of the physical modeling experiment, when 
an elastic medium is modeled as nacoustic medium, is definitely inferior than that, when an elastic 
medium is modeled actually as n el stic medium. The elasticity of an acoustic/elastic coupled medium, 
as expected, has a pronounced influence on the shear wave conversion and propagation; in turn, the 
characteristics of wave forms and arrival events involve both the compressional andshear waves. 
These findings may bear significant implications of whether the elastic property of the ocean bottom 
plays an important role in the long range sound transmission in oceans. 
INTRODUCTION 
For mathematical nd computational convenience, most of the investigators in ocean acoustics 
generally assume that the ocean bottom is either a rigid or an acoustic medium. In this case, 
the complication of the influence of the elasticity of the ocean bottom is avoided. However, 
they have for some time suspected that the elastic property of the ocean bottom must play an 
important role in the wave propagation of such an acoustic/elastic coupled medium. 
This note may shed light on the significance of the influence of the elasticity of an elastic 
bottom on wave propagation in an acoustic/elastic medium through physical experiments and 
finite element modeling, which are being carried out at the Aldridge Laboratory of Applied 
Geophysics, (ALAG),  Columbia University[3, 4]. It is hoped that the physical insight so gained 
may stimulate interest in further research. 
PHYSICAL EXPERIMENTS 
The physical modeling experiment of the wave propagation i  an acoustic/elastic coupled 
medium was a three-dimensional composite lastic model consisting of a sloping faced marble 
block cemented in mortar mix, placed at the center of a water tank as shown in Fig. 1. Table 
1. lists the elastic parameters of the modeling materials. 
The source and receiver are omni-directional spherical PZT ceramic transducers with a 
center frequency of 126 kHz. Data were acquired through a digital acquisition system and 
recorded on magnetic tape. Experimental recordings were made along the profile shown in Fig. 
2, using a common-source-point array. The source and receiver are suspended 18.5 cm below 
the water level and 1.0 cm above the physical model. Source-receiver positioning is accurate 
to within one-tenth of a wavelength. The location of the profile was chosen so that the interference 
of diffractions and refractions from the sides of the model with primary events is virtually 
eliminated. Fig. 3(a) shows the experimental data in time section and Fig. 3(b) the experimental 
data in time section with the suppressed amplitudes in a distance range of 0 -30  cm, and a time 
interval of 0 -1 .6  msec. 
FINITE ELEMENT SIMULATION OF THE PHYSICAL EXPERIMENT 
An acoustic~acoustic medium 
First, we simulate the physical experiment as above described by an acoustic/acoustic 
finite element model, i.e. the marble block and the cement matrix are assumed to be acoustic 
media. 
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Fig. 1. Three-dimensional composite model 
For acoustic waves, the governing equations of motion in a fluid as derived from the classic 
Euler's equations of motion in continuum mechanics are: 
p, -  if, = -p~ (l) 
where p is the pressure field, p is the density, v, is the particle velocity and f, is the applied 
force. 
We are interested in solving the initial boundary value problem governed by Eq. (1) and 
subject o the imposed initial and boundary conditions. It is well known now that the finite 
element formulation in the time domain for the posed problem can be readily accomplished by 
means of, say, the principle of virtual work[5] and the Gurtin principle of variations[ I, 2] and 
casts into the matrix form, neglecting damping: 
[M{,O} + [K]{p} = {FA}, (2) 
where [M] and [K] are global mass and stiffness matrices for the acoustic medium, and {p} 
and {FA} are the vectors of the pressure field and of the applied source. 
Time integration of Eq. (3) follows, for example, the central differences method. 
Figure 4 shows a typical snapshot of the finite element simulated wave field of the ex- 
periment at the time of 0.12 msec, calculated by the finite element code AFEA.2 developed at 
ALAG. The true amplitude of the snapshot was magnified 100 times to show the head wave, 
denoted as K-P-K, emergent reflection from the marble-cement i erface, denoted as K-P-P-K, 
and the interference pattern of the direct wave, denoted by K, and of the water-cement reflected 
wave, K-K, as well as the effectiveness of the absorbing artificially terminated boundaries. 
Figure 5(a) gives the finite element acoustic/acoustic simulation of the experiment in the 
exact same distance range and time interval as in Figs. 3(a) and 3(b). With the amplitudes 
magnified, Fig. 5(b) shows the weak arrivals of K-P-K more clearly. Comparison of the ex- 
perimental data [Figs. 3(a) and 3(b)] with the finite element acoustic/acoustic simulation of the 
experiment indicates that: 
(i) The arrivals of the direct wave K agree perfectly in the experimental nd the finite 
element time sections. 
Table 1. Elastic parameters of modeling materials 
Dilitational Shear-wave Poisson 
Material Velocity Velocity Density Ratio vp/vs 
Cement 4.23 km/sec 2.54 km/sec 2.06 g/cc 0.219 1.67 
(saturated) 
Marble 6.12 km/sec 3. l0 km/sec 2.66 g/cc 0.327 1.97 
Steatite 4.85 km/sec . . . .  
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Fig. 2. The CSP profile. 
(ii) The arrivals of the reflected wave K-K, and the refracted wave K-P-K for both the 
experimental nd finite element ime sections are in close agreement. 
(iii) The arrivals of the reflected wave from the marble-cement interface K-P-P-K, are 
predominant in the finite element time section and nearly absent in the experimental time section. 
(iv) The arrivals of the refracted wave K-P-K are very weak in the finite element ime 
section as compared with those in the experimental time section. 
(v) The arrival event identified as K-S-K was particularly predominant following the arrivals 
of the refracted K-P-K, in the experimental time section. Naturally, the K-S-K event is completely 
absent in an acoustic/acoustic medium. 
An acoustic~elastic medium 
It is quite apparent that in order to simulate the experiment more physically and realistically, 
it is essential to model the water as an acoustic medium, the marble block as an elastic medium 
and the cement as an attenuative, lastic or a viscoelastic medium. Unfortunately, the precise 
mechanism of the wave attenuation i the cement is poorly understood, although the attenuation 
of elastic waves in the cement, as it will be shown later, is of significance. At the present state 
of art, we seek only a qualitative understanding of the influence of the elasticity of the elastic 
medium on wave propagation i an acoustic/elastic coupled medium. For simplicity, we thus 
numerically model the cement as a non-attenuative elastic medium also. 
For elastic waves, the governing equations of motion, in an elastic medium similar to Eq. 
(1) are: 
02Ui 
T#,; + pf~ = p Ot 2 (3) 
where: Tgj is the stress tensor, 9 is the density of the elastic medium, f is the applied force, u~ 
is the displacement field related to the particle velocity field v~ = Ou/Ot. 
We are interested in solving the similar initial boundary value problem subject to the 
prescribed initial and boundary conditions, as previously in an acoustic medium. Eq. (3) reduces 
to the finite element matrix form: 
[Mi{U} + [K]{U} = {Fe}, (4) 
where [M] and [K] are the global mass and stiffness matrices for the elastic medium, {U} is 
the vector of the displacement field and {FE} is the vector of the applied force. 
For an acoustic/elastic coupled medium, Eqs. (2) and (4) must be coupled through intro- 
ducing two mutually coupled terms: {FA(U)} for Eq. (2) and {FE(p)} for Eq. (4) and the 
techniques of doublenode interface[3]. Then, time integration can be done similarly as in the 
acoustic/acoustic case. 
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Fig. 3(a). Experimental time section. 
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Fig. 3(b). Experimental time section (amplitude suppressed). 
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Fig. 4. Snapshot at .12 msec. 100 times true amplitude. 
Figure 6 shows the finite element acoustic/elastic simulation of the experiment, which 
should be compared with the experimental time sections of Figs. 3(a) and 3(b) and the finite 
element acoustic/acoustic ime sections of Figs. 5(a) and 5(b). Their comparison reveals that: 
(i) The amplitudes and wave forms of the arrivals of the refracted wave K-P-K event 
between the experiment and the finite element acoustic/elastic simulation of the experiment is
perfect. 
(ii) The amvals of the refracted shear wave K-S-K, clearly shown in the amplitude- 
suppressed experimental time section [Fig. 3(b)], can also be identified in the finite element 
acoustic/elastic me section [Fig. 6] except hey are interfered by the arrivals of the unattenuated 
K-P-P-K event. 
(iii) The K-P-P-K event in the finite element acoustic/elastic simulation of the experiment 
is much smaller in amplitude than that in the finite element acoustic/acoustic s mulation of the 
experiment. Moreover, the K-P-P-K event in the experimental time section, although it is still 
identifiable, is low in amplitude in comparison with that in the finite element acoustic/elastic 
time section. The appearance of the K-P-P-K event after the K-P-K event in the finite element 
acoustic/elastic time section can be attributed to the assumption of a non-attenuative elastic 
medium for the cement, as the wave propagation i the cement is highly attenuative. 
DISCUSSION 
Comparisons of the results show an excellent agreement between the physical modeling 
experiment and the finite element numerical simulations f the physical modeling experiment, 
as either an acoustic/acoustic medium or an acoustic/elastic medium for the primary waves 
including direct and critically refracted compressional waves. However, while the reflections 
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Fig. 5(a~. Finite-element time section (acoustic/acoustic). 
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Fig. 6. Finite-element time section (acoustic/elastic) 
from the marble block are nearly absent in the physical modeling experiment, they are a 
predominant feature in the finite element numerical simulation of the physical modeling ex- 
periment as an acoustic/acoustic medium, instead of an acoustic/elastic coupled medium. 
Although the finite element numerical simulation of the physical modeling experiment as 
an acoustic/elastic medium still does not match the physical modeling experiment perfectly, 
i.e. one-to-one correspondence, the finite element numerical simulation of the physical modeling 
experiment as an acoustic, acoustic medium is definitely inferior than that as an acoustic/elastic 
medium. One of the principal features is that the critically refracted shear waves virtually 
predominate over the critically refracted compressional waves in both the physical modeling 
experiment and the finite element numerical simulation of the physical modeling experiment 
actually as an acoustic elastic medium. These xvaves are naturally absent i  the finite element 
simulation of the physical modeling experiment as an acoustic/acoustic medium. The elasticity 
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of an acoustic/elastic coupled medium apparently has a pronounced influence on both the 
compressional nd shear waves. These findings may bear significant implications as to whether 
the elastic property of  the ocean bottom should be taken into account or not in the long range 
sound transmission in oceans. 
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